Recent emphasis on the proper utilization of the available natural resources as well as the compatibility between industrial sustainability and the environment have recognized the natural fiber reinforced polymer composites as a valuable type of materials. The final features of natural fiber reinforced polymer composites are strongly influenced by the characteristics of their constituents. Several factors affect implementing natural fiber reinforced polymer composites in automotive applications, which make it a matter of multi-criteria decision making problem. In this work, a decision-making model is introduced to evaluate and select the most appropriate non-woven natural reinforcement fiber/polypropylene-based composites for interior parts in the automotive industry considering various evaluation criteria simultaneously. The analytical hierarchy process was utilized to assess 15 potential alternatives of different natural fiber/polypropylene composites. The evaluation process considered simultaneous six evaluation criteria, namely tensile strength, tensile modulus, flexural strength, flexural modulus, impact strength and the maximum water absorption of the composites. Such approach is implemented here for the first time to enhance the selection process of natural fiber reinforced polymer composites for automotive application and to expand the future sustainable design possibilities in this sector. Both impact and flexural strengths were found to have the major priority in the evaluation process. The treated flax/polypropylene composite with 30 wt% fiber loading alternative was found to be the best with regard to the overall evaluation criteria. Date palm fiber/polypropylene composites were found to be potential considering the whole desired evaluation criteria.
Introduction
The proper compatibility between the available natural resources and industry would not only enhance producing better green products but also contribute achieving better environmental indices as well as industrial sustainability. 1 The synergy between material, performance and recyclability of an engineering product becomes essential for its sustainability. Several limitations and criteria affect the implementation of a particular type of materials in a specific application. [1] [2] [3] Optimizing such factors for a particular innovative application makes the selection of the proper material type a complex matter, where proper decisions have to be made.
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Natural fiber composites
Due to the recent emphasis on the proper utilization of the available natural resources in one hand, and the tremendous need and awareness of the environmental impact on the other, natural fiber reinforced polymer composites (NFCs) have become more valuable type of materials. In NFCs, various types of natural fibers (such as flax, date palm, hemp, sisal, oil palm, jute and kenaf) are used as reinforcing fillers for different polymer matrices. 5, [6] [7] [8] The final features of NFCs depend on the integrated characteristics of their constituents (fillers and matrices). Thus, several factors affect the selection of the most appropriate natural fiber composites for a particular design or application. This in order makes their selection process a matter of multi-criteria decision making (MCDM) problem, where appropriate keen decisions have to be made not only to maximize composites' desirable characteristics and performance regarding various design criteria but also to save both money and efforts.
NFCs as environmentally friendly materials have several advantages over the traditional glass/carbon reinforced polymer composites due to the preferences of the natural fillers in such type of composites, which make them suitable for different applications including furniture, packaging, insulation, and aerospace. They are also very competitive for automotive applications. [7] [8] [9] [10] [11] [12] The advantages of the natural fibers include good thermal and acoustical insulation properties, biodegradability, availability, low cost, recyclability, enhanced CO 2 sequestration and energy recovery. 7, 13, 14 In addition, the properties of the composite's individual constituents as well as their compatibility and interfacial characteristics can dramatically determine the composite's final properties and performance. 9, 15, 16 Despite this, natural fiber composites have some drawbacks that limited their implantations in some industrial applications. One of these disadvantages is the hygroscopic characteristic of the natural fibers, which is critical for the composites' overall mechanical properties, as it dramatically reduces bonding between the matrix and filler in NFCs causing a significant decrease in their desired mechanical performance and leading to several catastrophic effects in the composites. [17] [18] [19] [20] Such effects include the acceleration of fiber degradation, swelling, cracking, loss of mechanical properties and inviting decay fungi. The inconsistencies in the literature about this influence on fibers make it difficult to predict the relative performance of fibers under wet conditions during their lifespans. 18 Therefore, proper evaluations of various natural fiber composites with a particular polymer type should be carried out considering the maximum water absorption as one of the evaluation criteria.
On the other hand, polypropylene (PP) is considered as one of the most extensively used type of polymers, which demonstrates advantages with regard to recycling behavior, price, ease of processing by different methods (molding, extrusion, film and fiber manufacturing), mechanical properties, low density, excellent electrical properties and technical requirements like higher thermal stability. [21] [22] [23] [24] Thus, its natural fiber composites were extensively investigated [22] [23] [24] [25] [26] and used in different industrial applications including the automotive ones such as automobile and panel manufacturing.
Automotive industry and NFCs
Automotive industry sector is continuously concerned about the governmental, societal and the environmental needs and responsibilities in improving their products. 27 Natural fibers with polymer-based composites were strongly enhanced and developed for automobile industries in European countries. 28 It can be found that the bio-based commercial vehicles-which are rich with interior parts made from recyclable natural fiber composites-are more economic and lighter alternatives for consumers. High efficiency of using natural fiber composites in automotive applications can be achieved when they are using in components to have a good dimensional stability at low cost without exposure to heavy loads. [28] [29] [30] Several works had addressed the potential and capabilities of NFCs in different applications. The NFCs' mechanical properties, manufacturing processes, constituents compatibility as well as chemical modifications to improve their performance were extensively addressed. 6, [31] [32] [33] [34] [35] However, only few studies had compared fiber types, natural composites as well as synthetic ones for certain applications. 1, 34 In contrast, limited studies were found considering decisionmaking models for selecting the proper NFCs for certain types of applications. [36] [37] [38] [39] On the other hand, the convenience of the NFCs for automotive applications was investigated by several works where eco-design throughout parametric studies, thermal stability, durability, weathering resistance and crystallinity of ecodesign components, examination of new composites for automotive applications (like bagasse/PP and jute/plastic), eco-design and life cycle assessment of NFCs for automotive sectors, as well as the feasibility of particular new fiber types (like date palm fibers) for automotive industry were conducted. 1, 9, 13, 30, 40 Moreover, criteria that affect the general performance of the natural fiber composites as well as their specific performance one for the automotive industrial sectors were classified into distinguished levels by AL-Oqla and Sapuan.
1 It was introduced as a primary selection tool to help designers select and evaluate products made from natural fiber composites. It is considered as an added value step towards enhancing the product development of such materials for different applications including the automotive one. Furthermore, a novel approach based on combined multi-criteria evaluation stages was proposed and developed by AL-Oqla et al. to be an indicator and a straight forward methodology in evaluating the capabilities and appropriateness of the available natural fiber types for different applications including the automotive ones. It takes into consideration different simultaneous criteria like physical, mechanical, economic as well as others.
Decision-making tools and material selection
Decision-making (DM) tools were implemented in general material selections. Various tools were utilized for such purposes including technique for order preference by similarity to ideal solution (TOPSIS), simple additive weighted (SAW) method, the analytic hierarchy process (AHP), Fuzzy-AHP technique, graph theory, Vise Kriterijumska Optimizacija Kompromisno Resenje (VIKOR) method and weighted product method (WPM) as well as others. 4, 38, 41, 42 However, lack of information regarding selecting the proper natural fiber composite materials for automotive applications is obvious. There was no previous work that examined ranking NFCs in terms of their suitability for automotive applications or used informative DM methods to select the most appropriate natural fiber composite for such applications.
Consequently, this work aims to build up an informative DM model to enhance the selection of natural fiber composites for the automotive industry, more precisely, to evaluate and select the most appropriate nonwoven natural fiber-PP-based composites for interior products in automotive industry considering different evaluation criteria simultaneously utilizing the AHP. This in order can help expanding the sustainable design possibilities and contributing to the automotive industrial sustainability by optimizing the desirable characteristics of the used composites regarding different evaluation criteria simultaneously to save both money and efforts.
Methodology
Various MCDM tools are extensively utilized in different fields of engineering to achieve proper decisions regarding wide range of complex problems. Till date, there is no obvious distinguished superiority of one tool over the others and it is difficult to determine the best MCDM tool for a given problem. However, the AHP provides several potential advantages like its simplicity, popularity and the ability to capture both tangible and intangible attributes in a simple manner. In addition, AHP capabilities were validated in numerous examples, where it was capable to generate priorities close to the corresponding real life answers 44, 45 On the other hand, the AHP method is more suitable than the fuzzy AHP or a combined fuzzy-MCDM tool, particularly when the data are precisely known and no subjectivity involved in the problem. That is, converting precise and known data into fuzzy format will increase complexity, computational requirements as well as rob the simple original data of their elegance, which often leads to less desirable outcomes 43 Therefore, AHP will be utilized in this work to determine and select the most appropriate PP-based natural fiber composite type for the interior products of automotive industry considering various evaluation criteria simultaneously.
The analytical hierarchy process (AHP)
The AHP is one of the most powerful and flexible MCDM methods designed to solve complex real life problems by dividing them into sub ones deploying the tree leaves structure. It can (unlike conventional approaches) utilize verbal judgments as well as the pairwise comparisons to promote the precision of finding, achieve best decisions and minimize the DM bias by allowing capturing both subjective and objective evaluations as well as demonstrating strict checking for the consistency of both evaluations and alternatives. 2, 41, 46 Furthermore, AHP is capable of dealing with real life complexity and uncertainty in a more efficient and realistic manner than fuzzy AHP judgments 45, 47 The fuzzy AHP has recently criticized regarding its basics. That is, the arithmetic operation of the fuzzy AHP violates the AHP reciprocal and continuity axioms and the operational rule of consistency. Such violations of the Fuzzy AHP method make it questionable for the DM process. 45 As a result of all AHP advantages, AHP was implemented in numerous domains including material selection, 2,36,41 renewable and bioenergy systems, 48, 49 energy planning and corrective actions [50] [51] [52] [53] in addition to other industrial applications. 44, [54] [55] [56] [57] To achieve appropriate decisions via AHP, three main steps have to be performed:
. The first step is to form the complex decision problem into a hierarchical structure. In this stage, the complex MCDM problem is decomposed into multi sub-problems with goal, criteria, sub-criteria, in addition to the decision alternatives. The main goal (objective) has to be at the top level, whereas the multiple criteria, sub-criteria, as well as the decision alternatives of the problem have to be arranged into levels beneath each other in an ordered hierarchical structure. 2, 44 . In the main second step, pairwise comparisons for alternatives, criteria and their subs have to be conducted separately. That is, once the hierarchy is constructed, the relative importance of each criterion within each particular level of the structure has to be determined by conducting pairwise comparisons. This can capture criteria levels of contribution based on a specified main criterion in the higher level of the structure. To determine such importance of each factor relative to others (weights), multiple pairwise comparisons have to be performed taking into account that for each factor compared with itself has to have a unity value leading to a square judgment matrix with a major diagonal values of ones. 52, 54 If n criteria are involved in the pairwise comparison process, the judgment matrix A can be summarized in an n Â n type with elements of a(i, j) which can be expressed as shown in equation (1) . Then, computations commence normalizing as well as finding the relative weights of each individual judgment matrix. The relative normalized weight (Wi) of each factor can be obtained by getting benefit of the geometric mean of the ith row, i 2[1,. . ., n] as demonstrated in equation (2), and normalizing them of all rows in the matrix. The relative normalized weight (Eigen vector) (W) can be found using equation (3) A ¼
For a consistent matrix, equation (4) can then be satisfied 
In a matrix form
where A is the judgment matrix, w is the Eigen vector, whereas n is the judgment matrix dimension. Equation (5) is an eigenvalue problem. In such type of problems, if the largest eigenvalue and the number of comparisons are equal (i.e. max ¼ n), then the matrix is consistent, 44 where max is the largest eigenvalue. Furthermore, the consistency index (CI) (which is the test to accept or reject a particular judgment in a judgment matrix) has to be calculated. To find this index, the largest Eigen value ( max ) has to be calculated to indicate the average of the matrix consistency values. Then the CI can be found by applying equation (6)
It should be realized here, that the consistency of a particular judgment increases by decreasing CI values. Besides, the judgment must be strictly consistent before it is further utilized in the AHP analysis. Thus, the judgment is rejected if it is inconsistent and has to be revised until a conditional consistency level is obtained. Therefore, a random consistency index was introduced as in Table 1 to compare the consistency of the achieved judgment with this random one. This comparison is called the consistency ratio (CR) as in equation (7) CR ¼ CI RI ð7Þ
The value of CR must be smaller than or equal to 0.1 in order to accept the inconsistency in the achieved judgment matrix. Otherwise judgments should be revised.
. The main third step involves performing the consistency check for all captured judgments to ensure that they are acceptable and then ranking the alternatives according to their overall priorities regarding the considered criteria in the model.
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Results and discussion
Determination of the criteria and alternatives
Composites of PP with different natural fibers were extensively investigated in the literature. Various composites involved different technical criteria, and reinforcement conditions have been produced to expand their desired characteristics. In order to reach the most reasonable and appropriate PP/natural fiber composite for automotive applications, several integrated evaluation criteria have to be considered simultaneously to maximize the desirable characteristics of the adopted composites. Such integrated evaluation criteria would also capture and optimize the overall performance of such composites regarding various desired standpoints simultaneously. This in order helps designers to better evaluate the PP/natural fiber composites and expands the ecofriendly design possibilities as well as supporting the automotive industrial sustainability. 1, 7 To determine appropriate evaluation criteria for this study, the following four evaluation criteria were initially suggested: the tensile strength, the flexural strength, the impact strength and the maximum water absorption. These criteria were adopted due to their appropriateness in evaluating different natural fiber composites for automotive applications.
1 Moreover, to ensure using comprehensive evaluation criteria in this work, the appropriateness of these suggested criteria was surveyed by a type of pilot questionnaire sent to 12 worldwide experts in the field of natural fiber composites. They were kindly asked to modify, suggest, remove, or add any reasonable evaluation criterion according to their best of knowledge to facilitate better evaluation of the PP/natural fiber composites for the interior automotive products. Feedback of eight experts were received and discussed to modify the suggested criteria. After experts' feedback, the number of evaluation criteria was expanded to six to be able to capture more realistic and comprehensive evaluations of such composites for the automotive applications. Consequently, the simultaneous evaluation criteria were considered to be (1) the tensile strength (2) the tensile modulus (3) the flexural strength (4) the flexural modulus (5) the impact strength and (6) the maximum water absorption of the composites. It is worthy to note here that the considered evaluation criteria are beneficial ones, where higher values are desired, except the maximum water absorption one where lower values are desired.
On the other hand, to find potential alternatives of composites for automotive applications, this study aimed to review the PP composites with all of coir, date palm, flax, jute, kenaf and sisal fibers individually as they are the most commonly utilized natural fiber types in automotive sectors except the date palm one.
As a result, various potential composites with different reinforcement conditions, treatments and fiber loading were found to exhibit relatively high mechanical properties. Such composites were considered for selecting the potential alternatives. After further screening and investigation, 15 potential alternatives were considered among these composites to be evaluated regarding the various evaluation criteria simultaneously. The considered alternatives are illustrated in Table 2 . 22, 23, 25, 26, 32, [58] [59] [60] [61] [62] [63] [64] [65] It can be noted here that every single considered alternative demonstrates different behavior regarding each of the considered evaluation criteria. The PP matrix itself was found to show various responses to the considered evaluation criteria as captured from the literature. 22, 23, 25, 26, 32, [58] [59] [60] [61] [62] [63] [64] [65] Such variations of PP with regard to some of the considered evaluation criteria are illustrated in Figure 1 .
It is also obvious that variations in the measured values of all criteria used in the evaluation existed for each potential candidate due to the non-uniform specimen states and various experimental conditions. Therefore, and because only one value has to be considered for each alternative regarding a particular evaluation criterion, an average of the different reported values for each alternative was considered regarding each particular criterion, which is considered reasonable for comparison purposes in the field of natural fiber composites. 1, 7, 66 Thus, the judgment matrix of the alternatives and their responses regarding the considered evaluation criteria are tabulated in Table 3 .
On the other hand, the variation in the behavior of the considered candidate alternatives regarding the desired evaluation criteria increases the complexity for designers in determining the best composite type without using a proper DM model. Figure 2 demonstrates the average responses of all alternatives regarding both the tensile and flexural strengths. Moreover, Figure 3 shows the candidate responses for the tensile modulus and flexural modulus criteria, whereas their behaviors regarding the impact strength criterion are illustrated in Figure 4 and that for the maximum water absorption in Figure 5 .
A detailed examination of these responses reveals that there is no absolute best alternative regarding all the desired criteria that can be directly selected. Also, it is very sophisticated to determine the best alternative regarding the whole considered evaluation criteria without using DM tools capable of integrating the evaluations of each single alternative regarding its overall behavior from wide various standpoints. Moreover, the selection of the most appropriate alternative regarding one or two criteria may lead to an inappropriate decision regarding the best composite alternative for the automotive application. For instance, it can be seen in Figure 2 that alternatives A8 and A14 are the most potential ones regarding the flexural strength criterion, but A14 is not potential regarding the tensile strength one. Further examinations demonstrate that alternatives A8 and A14 are not potential at all regarding the tensile and flexural moduli as seen in Figure 3 , but A13 is the best with regard to these moduli. Furthermore, the impact strength criterion eliminates alternative A13 from being the best but supports alternatives A6 and A5 as shown in Figure 4 . Finally, the maximum water absorption criterion in Figure 5 comes to contradict and eliminates all previous potential alternatives but supports alternatives A10, A11 and A15. Therefore, such conflicts in the behavior of composites regarding various evaluation criteria reveal the imperative need for a DM technique to determine the most appropriate composite type regarding various simultaneous evaluation criteria to increase the overall desired performance.
Estimating the weights of the evaluation criteria
At this stage either to assign an equal weight of the evaluation criteria, or to be realistic in enhancing better evaluation of the PP/natural fiber composites 
Right
Left Axis Figure 1 . Variation of the PP matrix with respect to some considered evaluation criteria. for automotive applications. To adopt the second option, the weights of the considered evaluation criteria were determined with experts' feedback utilizing the relative importance scale of the AHP method. In this stage, another type of expert feedback questionnaire was conducted and sent to a group of 11 experts worldwide to assign the relative weights of the used evaluation criteria. Nine feedbacks were received within a reasonable time. Only six responses were considered for determining the aggregated weight utilizing the geometrical mean method due to their acceptable level of consistency. The weights captured from expert's feedback were analyzed using equations (1) to (5) to acquire the contribution of each evaluation criterion considered in the study, which are illustrated in Figure 6 . It is clear from Figure 6 that the impact strength criterion has the most contribution in the evaluation process of the PP/natural fiber composites for automotive applications. This may be due to the fact that natural fiber composites suffer from their resistance to the impact loads; thus, experts realized that composites with higher impact resistance are more desirable in their overall performance. Flexural strength has also a relatively high contribution in determining the overall performance as it is a combination of both bending and shear strengths together, which represents the ability of the composite to resist deformation under load, and thus it is beneficial for general applications including the automotive ones. Such contributions are recommended to be taken into consideration for the interior automotive products in the design stage as it comes from expert's feedback. Moreover, flexural modulus which represents the relative bending stiffness of a plastic composite has been captured to have higher contribution in the evaluation process than the tensile strength, maximum water absorption and the tensile modulus. On the other hand, such revealing of the importance of the utilized evaluation criteria is considering as an added value step for the current study, which helps designers to better evaluate natural fiber composites for automotive industry by distinguishing the value of each evaluation criterion in the selection process.
Assessment of alternatives
The relative priorities of the whole considered alternatives were calculated with respect to each criterion utilizing the weights tabulated in Table 3 to construct the judgment matrices for each evaluation criterion. Detailed calculations for one of these matrices with respect to the tensile strength are shown in Table 4 , where only the upper part of the judgment matrix is shown, whereas the lower part is the reciprocal of that upper ones. The inconsistency in this case was 0.04. It is a worthy note here that the consistency ratios of the whole judgment matrices were below 0.1, which are acceptable values as mentioned previously in the Methodology section. That is, the judgment matrices were consistent.
Moreover, the priorities of alternatives with respect to most of the evaluation criteria are illustrated in Figure 7 . It can be deduced from this figure that the inherent variation of alternatives' responses to each of the desired evaluation criteria make it very difficult to select the most appropriate composite type that maximizes the whole desired criteria simultaneously without using a systematic DM tool. Similarly, the final priorities of the considered candidate alternatives to the main goal (with respect to the whole criteria simultaneously) are illustrated in Figure 8 alternatives in the final priorities also indicates that determining the best composite option without using a DM tool is a very difficult task. Consequently, the final ranking of the candidate alternatives that maximize the overall desired properties is shown in Table 5 . It can be seen here, that despite having high values of flexural or tensile strengths for some alternatives (like A14 and A8), the best alternative was A6 which has much lower tensile strength and flexural values. This clearly demonstrates and supports the benefit and advantages of using both wide range of simultaneous evaluation criteria and DM models in determining the best composite type for automotive industry. Moreover, the added value step in determining the weights of the evaluation criteria by experts' feedback dramatically assists in better evaluation of the various available alternatives. Furthermore, such an approach can enhance better evaluation and ranking of the capabilities of different NFCs where human errors and bias in decisions can be reduced. On the other hand, results demonstrate revealing the potential of relatively new composite types for automotive applications. For instance, the date palm fiber/PP composite (A4) was found quite promising when compared to other commonly used fiber composites. Moreover, such results can also shed a light on how to properly select the reinforcement conditions (fiber loading, treatment, etc.) of certain fiber composites to maximize their relative performance for a particular application. Over and above that, the sensitivity of the developed DM model was tested by different scenarios. Results demonstrated that increasing or decreasing the weights of criteria by 10% did not dramatically change the final ranking of the alternatives. This in order represents the robustness of the model as it is insensitive to small changes in the weights of criteria. One of these scenarios is shown in Figure 9 where the weight of the tensile strength criterion was increased from 8.68% to about 9.54% without changing the alternatives ranking. This absolutely demonstrates the reliability in the drawn decisions regarding ranking and selecting the most appropriate composite type that can maximize the overall performance considering various simultaneous beneficial criteria.
Conclusions
This work was able to apply a DM model to select the most appropriate non-woven natural fiber type based on PP matrix for the interior parts of the automotive sector for the first time. This selection was based on evaluating different natural composites regarding various evaluation criteria simultaneously. Various natural fiber composites based on coir, date palm, flax, jute, kenaf and sisal fibers were evaluated. This in order A6  A8  A5  A11  A4  A10  A2  A14  A13  A3  A12  A1  A7  A9  A15 would enhance the selection process of natural fiber composites and reduce errors as well as bias in the selection process. It was found that the impact strength is the major evaluation criterion in evaluating natural fiber composites for interior parts in the automotive industry, whereas the tensile modulus one is the least important for this application. Determining the best type of natural fiber composites for automotive industry would not only enhance its sustainability and productivity but also contribute to the environment by achieving more visible solutions that can reduce the weight of products and thus reducing CO 2 emissions. The treated flax/PP composite with 30 wt% fiber loading alternative was found to be the best with regard to the overall six evaluation criteria. Date palm/PP was also found to be promising for automotive applications. Moreover, this work increases the reliability of the bio-based material selection process to maximize the desired characteristics of such composites and to enhance their future usage in different industrial applications as a cheap eco-friendly alternative type of materials. The closeness of the alternatives' final priorities demonstrates that determining the optimal alternative without using such DM tools is a very difficult task where human errors and a bias in decision may appear. This work is also considered as a benchmarking model for decision makers to be utilized in evaluating and selecting further types of natural fiber composites to achieve more sustainable design possibilities in various industrial applications.
